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TESTS ON A LOW VOLUME MAIL SCREENING SYSTEM (LVMSS) 

1. INTRODUCTION 

A Low Volume Mail Screening System (LVMSS) was developed by Smiths 
Detection - Edgewood, Inc. (Edgewood, MD), to screen letters and packages delivered to a 
facility. Figure 1 shows a picture of the LVMSS. The LVMSS was tested at the U.S. Army 
Edgewood Chemical Biological Center (ECBC) from 6-13 August 2003. This was a quick test 
in which a known amount of Bacillus globigii (BG) was placed in either a letter or a package 
before LVMSS processing. Each BG test was preceded by a control test without BG. The tests 
did not represent a blind study, and there were insufficient test runs for a statistical analysis with 
good confidence of false positive and negative rates. 

During the tests, employees from Smiths Detection operated the LVMSS, and 
ECBC employees observed the operations. The ECBC employees prepared the BG envelopes 
and packages for testing and were responsible for the collected samples before they were sent to 
independent laboratories for verification. Two reference filters located outside the LVMSS 
sampled the air during the test. Swipe samples of the LVMSS were also conducted to determine 
the system's contamination with BG. Reference filters, swipe samples, and part of each 
SpinCon® (Midwest Research Institute, Kansas City, MO) sample were archived and sent to 
the Microbiology/BSL-3 Facilities Team (J. Rogers) and the Special Programs Team 
(R. McClanahan) at ECBC for independent laboratory verification. 

Reference 
Filter 5 

Reference 
Filter 4 

Figure 1. LVMSS. 



2. METHOD 

The appendix shows the test protocol. The LVMSS processes the letters and 
packages separately. BG letter tests were conducted with 0.1 mg of BG. Letters were stacked in 
the machine and pulled one by one by the machine. The edge of the letter was cut and squeezed 
to get the materials out of the letters in an enclosed area. Air from the enclosed area was 
sampled through a pre-separator into a SpinCon® air sampler. The analysis was conducted by 
the GeneXpert® (Cepheid, Sunnydale, CA). The processed mail was placed in a closed 
compartment while the analysis was being conducted. Each BG letter test was preceded by a 
control test without BG. 

The package processing was done differently. Each package was opened, and a 
suction tube with a screen at the entrance was used to sample the inside of the package. The air 
samples were collected by the SpinCon®. The processed packages were placed in a closed 
compartment in the LVMSS (Figure 2) while the analysis was being performed. The BG 
package tests (each preceded by a control test) were conducted with 1 mg BG. 

Figure 2. LVMSS with the Package Storage Compartment. 



A liquid sample from the SpinCon® was collected at the end of all mail or 
package processing. One milliliter of 20% polyethylene glycol was added to the sample before a 
portion of the solution was manually placed in the GeneXpert® for analysis. After 35 min, the 
GeneXpert® system showed the resuhs on the screen. The cycle threshold (CT) and end point 
numbers were recorded by ECBC personnel. 

Reference Fiher 4 (RF4) and Reference Fiher 5 (RF5) were taken during each test 
to determine if there were any detectable BG exposure outside the LVMSS. The reference filters 
were placed on both sides of the machine as shown in Figure 1. The reference filters sampled 
the air while the SpinCon® in the LVMSS was sampling air, and the sampling time was recorded. 
The air flow rate of RF4 was 19.40 L/min and of RF5 was 17.64 L/min. Glass fiber filters were 
used as the sampling medium from which the BG was removed into liquid for independent 
laboratory verification using the Ruggedized Advanced Pathogen Identification Device 
(R.A.P.I.D), Idaho Technology, Incorporated, Salt Lake City, UT, Polymerase Chain Reaction 
(PCR) method. 

Five swipe samples were also taken before control tests to confirm that the 
LVMSS was free of BG and after the BG tests to determine the contamination location. The 
locations of swipes are shown in Figures 3-7. The swipe samples were analyzed by an 
independent laboratory using the R. A.P.I.D PCR method. 

Figure 3. Swipe Area One on the LVMSS. 



Figure 4. Swipe Area Two on the LVMSS. 

Figure 5. Swipe Area Three on the LVMSS. 
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Figure 6. Swipe Area Four on the LVMSS. 

Figure 7. Swipe Area Five on the LVMSS. 
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Using the R.A.P.I.D. PCR method, the Microbiology/BSL-3 Facilities Team, 
ECBC, analyzed the collected SpinCon® samples, swipe samples, and reference filters. In 
addition, the Special Programs Team, ECBC, analyzed the SpinCon® samples using the 
Bio-Seeq® instrument (Smiths Detection). Data* from J. Rogers and R. McClanahan describe 
the method of PCR used for analyzing these samples. 

Before the tests began, the test chamber was decontaminated, and the LVMSS 
was tested to confirm that it was free of contaminant. After each BG test, the chamber and 
LVMSS were decontaminated. Following this decontamination to confirm that the LVMSS is 
fully decontaminated, the LVMSS's SpinCon® sampled clean air, and the liquid sample was 
analyzed using the GeneXpert®. 

3. RESULTS 

Four letter and five package tests were conducted. Test results are shown in the 
table herein. The length of time the RF sampled the air during the test is also provided. 
GeneXpert® response is shown in the table with CT and End Point values.   Independent ^ 
laboratory verification of the collected SpinCon® sample resuhs using R.A.P.I.D. and Bio-Seeq 
are shown in the last two columns. 

The results show that the LVMSS clearly identified the BG exposure. However, 
the GeneXpert® in the LVMSS showed a positive result for a negative test (Run 7), while the 
R. A.P.I.D. and Bio-Seeq® showed negative results for the same SpinCon® sample. The ^ 
observation that the GeneXpert® in the LVMSS returned a positive result, while the Bio-Seeq 
and the R.A.P.I.D. returned negative results suggests that some residual contamination may have 
been located between the sample reservoir and the sample needle. In this scenario, the small 
amount (indicated by the high CT value of 40.92) of residual BG contamination would have been 
flushed into the sample compartment of the GeneXpert® cartridge. While this line is purged 
back into the sample reservoir (the archive of which was used for R. A.P.I.D. and Bio-Seeq 
testing), if there was any BG that was not flushed to the cartridge, it would have been diluted to 
the point that it may not have been detectable to either the R.A.P.I.D. or the Bio-Seeq . It should 
be noted that before this negative test (Run 7), the LVMSS was not run to confirm that it was 
fiilly decontaminated, as it was for all other tests (see the final step of the procedure in the 
appendix). It was the sponsor's decision to skip this step for this run because of the lateness of 
the hour and to check for successfiil decontamination of the LVMSS as a whole with the 
negative mail run. 

The independent laboratory verification of the SpinCon® samples showed positive 
for the tests with BG and negative for samples without BG. Independent laboratory verification 
of the RFs and swipe samples showed negative for BG except for Run 2, swipe location 4, and 
Run 6, swipe location 2. Runs 2 and 6 were tests with BG, and it is likely that location 2 and 4 
received BG exposure. 

' Unpublished data sheets, 2003 
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4. CONCLUSIONS 

Based on four letter (2 positive, 2 controls) and five package tests (2 positive, 
3 controls), the Low Volume Mail Screening System (LVMSS) correctly identified the positive 
BG runs for letters containing 0.1 mg of BG and packages containing 1 mg of BG. The system 
correctly identified the control letter tests, and two of three control package tests. The other 
control package test (Run 7) is discussed below. The independent laboratory verification of the 
LVMSS's SpinCon® samples using the R.A.P.LD. and Bio-Seeq® PCR methods showed positive 
for the tests with BG and negative for tests without BG. 

The GeneXpert® system in the LVMSS identified the Run 7 sample as positive, 
while R.A.P.LD. and Bio-Seeq® identified Run 7 samples as negative. Note that the standard 
check for LVMSS decontamination was not conducted before Run 7, and it is possible that there 
was a residual contamination between the sample reservoir and the sample needle in the 
LVMSS. 

Reference filter samples verified that there was no detectable BG exposure 
outside the LVMSS during BG letter and package processing. There were only nine tests 
conducted, and these are not enough tests to estimate false positive and false negative statistics 
with good confidence. 
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APPENDIX 

TEST PROTOCOL 

Tests without BG 
Swipes of the LVMSS 
Chamber fans off 
Install reference filters 

o   Reference filters turned on 
o   Mail or package processing 

End mail or package processing and reference filters turned off 
Transfer SpinCon® Sample to GeneXpert® 
Start GeneXpert® 
Fans on 
Reference filters removed 
Collect SpinCon® samples for independent laboratory verification 
Mail or packages removed fi-om chamber after negative tests 

Tests with BG 
Fans off 
Install reference filters 

o   Reference filters tumed on 
o   Mail or package processing 
o   End mail or package processing and reference filters tumed off 

Transfer SpinCon® Sample to GeneXpert® 
Start GeneXpert® 
Fans on 
Reference filters removed 
Collect SpinCon® samples for independent laboratory verification 
Swipe samples of LVMSS 
Mail or packages removed fi:om chamber after positive tests 
LVMSS prep before chamber decon 
Chamber decon 
Decon LVMSS 
Run the SpinCon® and analyze using GeneXpert® before the next negative test to confirm 
that the system is clean. 
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